Abnormal systolic motion of the interventricular septum has previously been noted using echocardiography in patients with atrial septal defect and has been ascribed to right ventricular volnme overload. To evaluate the mechanism responsible for this abnormality, right ventricular volume overload was created in open-chest dogs by pumping blood from the left atrium to the right atrium. In seven of eight dogs changes in interventricular septum motion were produced acutely at shunt flow as low as 500 cc/min. When the shunt was decreased or stopped, interventricular septum motion returned to normal. Shunts producing left ventricular volume overload (aorta to left atrium and right atrium to left atrium) caused no change in interventricular septum motion. Clinical observations showed that six of seven patients with partial anomalous pulmonary venous connection and no atrial septal defect displayed abnormal interventricular septum motion on echocardiography. Twenty-one patients undergoing surgery for atrial septal defect were studied before and after operation. Sixteen of the 21 had abnormal interventricular septum motion preoperatively; the abnormal interventricular septum motion returned to normal in only one of the 16 patients during a postoperative follow-up period of up to one year. Three patients were studied only postoperatively up to six years after closure of atrial septal defect; all three retained abnormal interventricular septum motion.
D IAGNOSTIC ultrasound has been utilized in congenital cardiac lesions: conditions such as single ventricle, hypoplastic left and right heart syndromes and double-outlet right ventricle have been shown to display recognizable echocardiographic patterns.1-3 Patients with atrial septal defect (ASD) and tricuspid regurgitation were noted to have abnormalities of interventricular septum (IVS) motion during ventricular ejection.4-5 Similar abnormalities were not present in cases of ventricular septal defect, patent ductus arteriosus or pulmonic stenosis, and it was concluded that this abnormal motion of the interventricular septum is a manifestation of right ventricular volume overload (RVVO ) .5 However, recent studies>7 have shown that surgical correction of atrial septal defect in children does not change the abnormal IVS motion to normal in a substantial proportion of cases. This casts some doubt on the hypothesis that RVVO is indeed the cause of the abnormal IVS motion.
The present study was designed to evaluate this hypothesis, by means of an experimental model and further clinical observations.
ABNORMAL MOTION OF IV SEPTUM Methods
Animal Studies An experimental model of RVVO was created in eight dogs. The animals were anesthetized with sodium pentobarbital, 30 mg/kg, and respiration was maintained by a Harvard respirator via a cuffed endotracheal tube. Periodic hyperinflation of the lungs was performed to prevent atelectasis. A midline thoracotomy was performed, the pericardium incised and the heart exposed and lifted slightly in a pericardial sling. The right and left atrial appendages were cannulated with #22 Bardic polyvinyl multiholed catheters which were connected to a Sarns heart pump with 5 in rollers. Blood was pumped from left atrium to right atrium at flow rates which were increased in stepwise fashion from 100 to 2000 cc/min (usually in increments of 100 cc/min) creating a left-to-right shunt and selective RVVO of varying magnitude. Echocardiographic recordings were obtained at each new level of shunt flow.
In four animals left ventricular volume overload (LVVO) was created by cannulating the ascending aorta and pumping blood from the aorta to left atrium (three dogs) or from right atrium to left atrium (one dog), also at progressively increasing flow rates.
Echocardiograms were recorded on a commercially available ultrasonoscope (Smith-Kline Ekoline 20, Smith-Kline Instruments, Inc., Palo Alto, California). In the animal studies the ultrasound transducer was placed lightly on the exposed anterior surface of the heart and held in place by a stationary arm. The ultrasound beam traversed the IVS and left ventricular cavity perpendicular to the endocardium/blood interfaces. Identification of the recorded echoes was verified by the rapid injection of 5 cc of normal saline through a left ventricular catheter. Cavitation at the catheter tip produces microbubbles from which the ultrasound beam is reflected; the resultant "cloud" of echoes outlines the borders of the left ventricular chamber and verifies the identification of echoes from the IVS and posterior heart wall8 ( fig. 1 ).
Clinical Studies
Seven pediatric and adult patients with partial anomalous pulmonary venous connection and intact atrial septum were examined by echocardiography. Catheterization criteria for the diagnosis of anomalous venous connection without atrial septal defect included evidence of a left-to-right shunt by oximetry at the level of the right atrium or superior or inferior vena cava, demonstration of an early appearance of cardiogreen dye following a bolus injection into one pulmonary artery with a normal appearance following injection in the other pulmonary artery (sampling from right atrium), and failure to cross the atrial septum with a Gensini or Brockenbaugh catheter passed upward from the right femoral vein. Three patients also had pulmonary angiograms which showed no angiographic dye crossing the atrial septum. 6 ). Mean LVD rose from a control of 1.6 cm to a high of 2.2 cm during these shunts. with normal IVS motion, from 1. We conclude that echocardiographically abnormal motion of the IVS in patients with ASD and PAPVC is indeed related to selective RVVO. The magnitude of the RVVO is probably an important factor in the production of this abnormality, and it may not be present in patients with small left-toright shunts. The persistence of abnormal IVS motion on ultrasound study following surgical correction of chronic RVVO suggests that additional factors are involved and is further evidence that correction of long-standing congenital or acquired cardiac lesions probably does not fully reverse presurgical abnormalities in ventricular volume, mass, and compliance. One important clinical consequence of these findings is that persistence of abnormal IVS motion following operation for any condition producing RVVO should not be taken to indicate incomplete or unsuccessful surgical correction.6
